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属 修 复 的 效 果［7-9］． 解 磷 微 生 物 如 Bacillus，

































































成溶 度 积 常 数 很 小 的 铅-磷 酸 盐 复 合 物，如







































Tab. 1 Common phosphorus-containing materials used in chemical immobilization of metalliferous soils
溶解性 代表物质 简称 化学式 logKsp 化学修复效果
水溶性 磷酸 PA H3PO4 修复快速，但亦快速淋溶，环境风险大(如土
壤酸化;Se、As等元素浸出;水体富营养化等)
磷酸氢二铵 DAP (NH4)2HPO4
中度溶解性 磷酸二氢钙 MCP Ca(H2PO4)2·2H2O －1. 14 与水溶性含磷物质相比，土壤中保留时间
更长
磷酸氢钙 DCP CaHPO4 －6. 66
磷酸三钙 TCP Ca3(PO4)2 －24. 00































菌和 253株细菌，其中 12 株真菌和 19 株细菌具有不
同程度的磷酸钙溶解能力，尤其是解磷真菌






磷矿粉含量分别为 200 和 800 mg /kg 条件下，利用从






























































菌株 P． monteilii PsF84和 P． plecoglossicida PsF610，两
者都对天竺葵的干质量、精油产量、叶绿素有促进作
用，结合扫描电子显微镜方法发现 Cr的积累导致了维
管束的破坏，使得 Cr 被隔离在植物根系中． Jeong















































Fig. 1 Main mechanisms of phosphate-solubilizing microorganisms enhance the effectiveness












在 As 污染土壤中加强植物的修复效果［59］． Pereira
等［60］基于菌株 IAA 产生能力大小，进而探讨 Zn、Cd
污染土壤中所挑选的 10 株内生菌接种玉米后对植物
幼苗生长的影响，研究结果显示植物根系和生物量都
























力的解磷细菌 Enterobacter sp．NBＲIK28 菌株及其铁载






























和分泌 IAA的解磷细菌 Ｒahnella sp． JN6 接种欧洲油
菜后，显著增加其生物量，并且提高了植物地上部分
和根系中 Cd、Pb、Zn 元素的浓度． Liu 等［72］从超累积














































染应用中也发挥着重要作用．Han 等［78］将 5 株 As 还
原菌或氧化菌接种于 As 超累积植物蜈蚣草，微生物
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Progress on Ｒoles and Mechanisms of Phosphate-solubilizing
Microorganisms in Ｒemediation of Heavy Metal Contaminated Soils
LIN Yushan1，FAN Jin1，CAI Bangping2，YAN Chongling1*
(1． Key Laboratory of the Ministry of Education for Coastal and Wetland Ecosystems，Xiamen University，Xiamen 361102，China;
2． Xiamen Botanical Garden，Xiamen 361003，China)
Abstract:Heavy metal pollution is one of the most serious environmental problems in our country．How to treat it scientifically has become a
challenge and hotspot．Phosphate－solubilizing microorganisms (PSMs)，a group of beneficial microorganisms in agriculture，have developed a
series of tolerance and resistance mechanisms in the long-term metal-contaminated soils．And as the potential donor of soluble phosphate，the
phosphate ions produced by them play an important role in chemical immobilization and phytoremediation of metalliferous soils．In addition，
the plant hormone，1-aminocyclopropane-1-carboxylate deaminase，siderophores，low-molecular-weight organic acids，etc． produced by metal－
resistant PSMs，will further enhance the effectiveness of phytoremediation by increasing the plant growth and changing the metal toxicity．
Here，in order to provide a better service for in situ treatment of heavy metal contaminated soils，this review highlights the importance of PSMs
and demonstrates their potential role in chemical immobilization and phytoremediation of heavy metals．
Key words:phosphate-solubilizing microorganisms (PSMs);contaminated soils;heavy metals;chemical immobilization;phytoremediation
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